. Of these, surgical treatment leads to the best pocket reduction, and this positive effect increases with the probing depth (Becker et al., 2001; Heitz-Mayfield, 2005) . In shallow and medium pockets, there is however more attachment gain with repeated instrumentation (Heitz-Mayfield, 2005) . Several (chemical) additives are proposed to improve the treatment results of re-instrumentation, including antibiotics, essential oils and photodynamic therapy, however, with ambiguous results (Campos et al., 2013; Cappuyns, Cionca, Wick, Giannopoulou, & Mombelli, 2012; Carvalho et al., 2015; Feng et al., 2011; Laleman et al., 2017; Salvi et al., 2002; Serino, Rosling, Ramberg, Hellstrom, et al., 2001a) .
Over the last decade, there has been an increased interest in the use of probiotics for enhancing periodontal health. Probiotics are defined as "live microorganisms that, when administered in adequate amounts, confer a health benefit on the host" (Hill et al., 2014) . In the periodontal field, a recent systematic review showed a positive effect of a combination probiotic of two Lactobacilli reuteri strains as additive to scaling and root planing (Martin-Cabezas, Davideau, Tenenbaum, &Huck,2016) .Theincludedrandomizedclinicaltrialsunambiguously showed that in periodontitis patients, this probiotic leads to more pocket probing depth reduction after non-surgical mechanical therapy Tekce et al., 2015; Teughels et al., 2013; Vivekananda, Vandana,&Bhat,2010) .Apositiveinfluenceoftheprobioticatthemicrobiological and immunological level was also reported. Vivekananda and co-workers showed that Lactobacilli reuteri leads to a significant decrease in Aggregatibacter Actinomycetemcomitans, Porphyromonas gingivalis and Prevotella intermedia counts (Vivekananda et al., 2010) .
Additionally, it was shown that the usage of these lozenges led to a statistically significantly greater decrease in P. gingivalis (Teughels et al., 2013) and in proportions of obligate anaerobes up to 180 days (Tekce etal.,2015) .Additionally,thisprobioticreducedspecificinflammationassociated parameters, such as MMP-8 levels in gingival crevicular fluid . These studies are in line with previous research showing a positive effect of probiotics on plaque and gingivitis indices, bleeding on probing and pocket probing depth (Della Riccia et al., 2007; Harini&Anegundi,2010; Krasseetal.,2005; Schlagenhaufetal.,2016; Vicario,Santos,Violant,Nart,&Giner,2013) .However,otherstudies failed to show positive effects of probiotics on periodontal parameters (Hallstrom et al., 2013; Iniesta et al., 2012; Shimauchi et al., 2008) .
However, up to now, the effect of probiotics on the re-instrumentation of residual pockets after initial non-surgical therapy is not yet investigated. The aim of this study was therefore to examine the adjunctive effect of probiotics in this specific indication. Our hypothesis was that the supplementary use of a dual-strain lactobacilli probiotics to the mechanical debridement of residual pockets would lead to better clinical and microbiological results.
| MATERIAL S AND ME THODS
Patients visiting the Department of Oral Health Sciences (University Hospitals Leuven, Belgium) were asked to participate in this study. To be eligible, scaling and root planing for moderate to severechronicperiodontitis(accordingtotheAmericanAcademy of Periodontology classification of 1999; Armitage, 1999) should havebeen carried out at least 3 monthsandmaximum 6 months ago and residual pockets should still be present. In this study, re-sidualpocketsweredefinedaspockets≥6mmorpocketsof5mm with bleeding on probing (Mendonca et al., 2012) . There had to be at least one residual pocket in two contra-lateral quadrants.
Patientstreatedforaggressiveperiodontitiswereexcluded.Also, smokers, patients with diabetes and patients who were taking bisphosphonate medication were pregnant/lactating, had other systemic conditions likely to influence periodontal health or who took systemic antibiotics 3 months prior to treatment could not participateinthestudy.Allpatientsfulfillingtheeligibilitycriteriawere informed about the study protocol and the potential benefits and risks. Those willing to participate were asked to sign the informed consent form.
| Study protocol
This study was designed in accordance with the Declaration of Helsinki, and before the start, approval from the Ethics Committee Research UZ/KU Leuven was received (s57667); the study was registered at clinicaltrials.gov (NCT02490618). A single-centre, double-blind, randomized (1:1 ratio), placebo-controlled design was used. The sample size was calculated using α = .05, a power of 85%andanexpecteddifferenceof1mmpocketprobingdepth(and SD = 1mm), leading to 20 patients per group. Taking into account a dropoutrateof10%,22patientswereincludedineachtreatment group. The clinical treatment and follow-up as well as the sampling were done by the same examiner, an experienced periodontist (IL).
These were done at baseline, after 12 and 24 weeks. This examiner was calibrated showing an intra-examiner reproducibility of 96% for duplicate measurement of probing pocket depth (PPD) with a maximum difference of 1 mm in 5 patients.
| 45
LALEMAN Et AL.
| Allocation to the study groups and masking
The randomization of the study protocols was performed by a staff member who was not further involved in this study. This was done based on a computer-generated table (www.rando mizat ion.com) that linked each patient to one of the treatment groups. The same staff member was responsible for blinding the study products. This was done by labelling the packaging of these products with a letter indicating the treatment group. Additionally, these pots, containing the drops, and jars, containing the lozenges, were identical in appearance and non-transparent. When a patient was included in the study, she handed out the study medication to the researcher according to group to which that patient was assigned based on the patient number and the randomization list. The similarity of the packaging, and the identical appearance, texture and taste of the study products (both the drops as the lozenges) made the double-blinding of the researcher and patient possible. More information can be found in the online appendix.
| Treatment protocol
During the baseline visit, all patients underwent a whole-mouth scaling and the residual pockets were subgingivally debrided. This was carried out ultrasonically with the Satelec P5 Newtron XS BLED (Acteon) with specific tips (1S, H3, P2L, P2R) followed with hand instrumentation. Local anaesthesia was used for the comfort of the patients.Allpatientsreceivedcustomizedoralhygieneinstructions.
Before the participants left the office, the study drops were applied with a syringe and blunt needle in all residual pockets. In the control group, there were control drops for all residual pockets in the whole mouth. In the probiotic group, this was done split-mouth wise: in one half of the mouth, the control drops were applied, and in the other half of the mouth, the probiotic drops (a minimum of 2 x 10 8 colony-forming units L. reuteriProdentis/5drops,BioGaiaAB)wereapplied.The patients were advised not to drink, eat or rinse for 30 min afterwards.
Study lozenges were given to all patients to consume at home.
The patients were instructed to dissolve these on their tongue twice a day, preferably after brushing, for 12 weeks. The patients of the 
| Outcome measures of interest
The primary outcome of interest was PPD. The secondary outcomes of interest were gingival recession (REC), clinical attachment level (CAL), Full-Mouth Plaque Scores (FMPS), Full-Mouth Bleeding Scores (FMBS), "risk for disease progression" and "need for surgery."
During each visit, the full-mouth PPD and REC were noted at six sites per tooth. PPD was defined as the distance between the gingival margin and the bottom of the pocket measured in millimetre (mm) with a Merrit-B probe, REC as the distance between the cementoenamel junction and the gingival margin. The sum of these wasdefinedastheCAL.Additionally,theFMPSandFMBS(20safter probing) were noted at six sites/tooth dichotomously as the present (1) or absent (0) and expressed as a percentage of examined sites within each subject. Based on these data, the "risk for disease progression" and "need for surgery" were calculated as described earlier (Laleman et al., 2015; Teughels et al., 2013) . "Risk for disease progression"wasdefinedatpatientlevelaslow(≤4siteswithPPD ≥5mm),moderate(5-8siteswithPPD≥5mm)orhigh(≥9siteswith PPD ≥5 mm). A site was considered as "in need for surgery" if the PPDwas≥6mm,or5mmandBOPpositive.
Two teeth with residual pockets, one in each contra-lateral quadrant, were selected for microbiological sampling. These were taken supragingivallywithascaler(H6/H7)andsubgingivallywith8paper points/ pocket and subsequently placed in 1ml of reduced transportfluid(RTF).Additionally,samplesofthesalivaandtonguewere taken.Forthelatter,adistalareawasswipedfor10swithasterile cotton swab (Nuova Aptaca), and the tip of this cotton swap was transferredtoanEppendorftubewith1mlRTF.Unstimulatedsaliva was collected, from which 100 μl was dispersed in 900 μlRTF.The presence of P. gingivalis, P. intermedia, Fusobacterium nucleatum and A. actinomycetemcomitans in these samples was detected by quantitative PCR assay (qPCR) as described by Teughels and co-workers in 2013 (Teughels et al., 2013) .
| Statistical methods
Forthecomparisonsofthedrops,alinearmixedmodelwasfitforthe patients with the treatment lozenge and drop and time as crossed fixed factors and patient as random factor. A normal quantile plot from the residual values and residual dot plot showed that the residual values were normally distributed with equal variance. Likewise, a linear mixed model was fit with lozenge and time as crossed fixed factors and patient as random factor for comparing the treatments between the probiotic and control lozenge group. Data that were missing at 24 weeks were forward filled from the data obtained at 12 weeks. Comparisons between treatment and time groups were each time calculated, and p-values were corrected for simultaneous hypothesis testing according to Sidak.
Forthecomparisonsofthedrops,datawerelog-transformed before analysis. Data below quantification limit were considered as censored (below the quantification limit), and a frailty model was fit for the patients with the treatment lozenges, drops and time as crossed fixed factors and patient as random factor. Likewise, a frailty model was fit with lozenge and time as crossed fixed factors and patient as random factor for comparing the treatments between the probiotic and control lozenge group. An intention-to-treat analysis was carried out following the "last observation carried forward" principle, including all the patients that at least attended the 12-week appointment without violating the inclusion criteria.
Comparisons between treatment and time groups were calculated, and p-values were corrected for simultaneous hypothesis testing accordingtoSidak.AlldatawereanalysedinS-Plus8.0forLinux.
| RE SULTS
For this study, all patients were included between January 2016 and June 2018, and the last follow-up consultation took place in December2018.Forty-fourpatientswererecruited,fromwhichthe data of 5 patients could not be used since they dropped out before the12-weekconsultation(Figure1).Thedataof39participantsbetween 34 and 83 years old were thus used for the statistical analysis. These included 20 participants of which 11 were male in the probiotic group and 19 participants of which 16 were male in the control group. The mean age was, respectively, 58 ± 12 years and 58±13years.
All,excepttwo,participantsreportedagoodadherencetothe study protocol. Eight patients did not return the study medication, and the other 31 participants took on average 1.7 lozenges/day (control:1.7,test:1.6).
| Side effects
Noseriousadverseeventswereexperienced.However,whenquestioning these in detail, four patients reported altered sensations of the oral cavity. These patients were evenly distributed over the control and probiotic group. In the control group, one patient complained about a dry mouth and feeling thirstier than normal, the other complaint was about a bad taste in the oral cavity just after waking up. In the test group, one patient complained about a dry mouth and one experienced sometimes a different feeling in the mouth after usage of the lozenge.
| Clinical measurements
Since no statistical significant differences were found for any of the studied clinical parameters in the probiotic lozenge group between the quadrants where the control drops were applied versus the quadrantswheretheprobioticdropswereapplied(onlinefigureA), the data of the sites receiving the probiotic drops were pooled with the data of the sites receiving the placebo drops.
ThemeanPPD,CAL,FMBSandFMPSweresignificantlylower after the usage of the lozenge (12 weeks) and at the end of the study period (24 weeks) compared to the baseline values, both for the probiotic as the control group. Concerning the inter-group differences, at the end of the study, the mean PPD was significantly lower in the probiotic group compared to the control group (p = .034). This difference was even more pronounced when looking solely to the moderate(4-6mm)(p=.015)anddeeppockets(>6mm)(p = .025). More detailedinformationaboutthePPD,CAL,REC,FMBSandFMPSand the associated p-values can be found in Table 1 .
In this table, also the percentage of sites with a PPD of a specific thresholdcanbefound.Forallthresholds(≥4,≥5,≥6and≥7mm),there was a significant reduction between the baseline values and those after 12 and 24 weeks, both for the probiotic and control groups.
After24weeks,astatisticallysignificantinter-groupdifferencecould also be noted. In the probiotic group, there was a lower percentage of pockets≥5,≥6and≥7mmcomparedtotheplacebogroup.However, thisdifferencewasalsopresentatbaselineconcerning≥6and≥7mm as threshold levels. Additionally, a statistically significant better pocketclosure(pocketsthatwere≥4mmatbaselineand≤3mmat follow-up) was noticed at the 12-and 24-week follow-up. Two patients were lost to follow-up. One due to antibiotic usage and one due to personal reasons.
Lost to follow-up (n = 2) (20 examined)
One subject was lost to follow-up due to antibiotic usage and one did not adhere to the study protocol.
Allocated to control intervention (n = 22)
Received allocated intervention (n = 22)
Lost to follow-up (n = 3)(19 examined)
Two persons were lost to follow-up, one due to moving abroad and one because of personal reasons. One person did not adhere to the study protocol.
Allocated to probiotic intervention (n = 22)
Lost to follow-up (n = 2) (17 examined)
Two patients were lost to follow-up, one due to the diagnosis and treatment of cancer and one due to antibiotic usage.
Analysed (n = 20)
According to the principle "last observation carried forward"
Analysed (n = 19)
TA B L E 1 Clinical characteristics of the group assigned to the probiotic lozenges versus the group assigned to the control lozenges displayedasmeanordelta(∆)(differencewithbaselinevalue)andstandarddeviation(SD) Information about clinical relevant outcomes for the patients, "risk for disease progression" and "need for surgery," can be found in Table 2 . These were more favourable in the probiotic group. Twelve and 24 weeks after the re-instrumentation, the risk for disease progression is consistently lower in the probiotic group compared to the control group.
Attheendofthestudy,14patientsinthecontrolgroupwereclassified
as high risk for disease progression compared to only 8 in the probiotic group. These differences however never reached statistical significance.
On the site level, the need for surgery was significantly lower in the probioticgroupcomparedtothecontrolgroupatthefollow-upvisits.Atthe
24-weekvisit,onaverage4%ofallsitesintheprobioticgroupwerein
needforsurgeryand8%ofthesitesofthecontrolpatients.Atthepatient level, 3 patients from the probiotic group had no need for surgery at the end of the study compared to one in the control group. However, for the patients that still needed surgery, the extent was much less (on the site and tooth level) in the probiotic than the control group. This difference was only statistically significant at the site level.
| Microbiological data
Asfortheclinicaldata,nointra-group,norinter-groupdifferences could be found between the quadrants treated with the probiotic versus the control drops in the probiotic lozenge group (online table   B ). Therefore, the probiotic lozenge group was further compared with the control lozenge group (Table 3) .
This study protocol did not show any microbiological impact on the four studied microorganisms (P. gingivalis, P. intermedia, F. nucleatum and A. actinomycetemcomitans). No statistically significant differences could be found between these bacteria at baseline and at the12-and24-weekcontrol.Additionally,nostatisticallysignificant inter-group differences could be found between the probiotic and the control groups for the counts of these bacteria at any time point (baseline, 12-and 24-week control).
| D ISCUSS I ON
Since residual pockets present risks for periodontal disease progression and tooth loss, there is a need for additional therapies to reduce these (Claffey & Egelberg, 1995; Matuliene et al., 2008) . This can be done surgically or non-surgically through re-instrumentation. To the best of our knowledge, this was the first trial that focused on the adjunctive effect of a dual-strain L. reuteri probiotic on re-instrumentation of residual pockets. Our results, in accordance with different authors in the past (Konig et al., 2008; Mendonca et al., 2012) , confirmed the usefulness of re-instrumentation. This trial also showed an additional beneficial clinical effect of the usage of L. reuteri probiotics. The usage of these L. reuteri lozenges led to statistically significantly lower PPD than the control lozenges after 24 weeks, and this difference was even more pronounced in moderate and deep pockets. Moreover, the PPD in the probiotic group still improved between weeks 12 and 24, contrastingly to the PPD in the control groups that even deteriorated between 12 and 24 weeks.
The probiotic also positively influenced the patient clinical relevant outcomes, leading to better pocket closure, fewer pockets in need for surgery and a lower risk for disease progression compared to the control group.
Re-instrumentation decreased the whole-mouth PPD with 0.36mmafter24weeks,whenaddingaprobiotictothistreatmenta 0.45 mm reduction was seen. Looking to moderate and deep pockets, this difference was even more pronounced with 1.21 and 2.32 mm PPD reduction, respectively, in the probiotic group and 1.01 and 1.70 mm PPD reduction, respectively, in the control group. These clinical results are in line with earlier research about re-instrumentation.Forexample,Wennströmandco-workersreporteda0.4mm
additional reduction of PPD after re-instrumentation (Wennstrom, Tomasi, Bertelle, & Dellasega, 2005) . When they analysed the data for only the sites subjected to re-treatment, they measured an additional pocket probing depth reduction of 1.0 mm when ultrasonic instruments were used and 0.8 mm when hand instruments were used. When supplementing re-instrumentation with local antibiotics, Salvi and co-workers reported a 0.25-0.33 mm PPD reduction at all experimental sites (Salvi et al., 2002) . However, in this study, a negative control group where solely re-instrumentation was carried outwasnotincluded.Fewyearslater,Tomasiandco-workersfailed to show improved healing outcomes of re-instrumentation supplemented with locally delivered doxycycline compared to re-instru- 
TA B L E 1 (Continued)
Unlike the positive clinical results found in this trial, this study failed to find any significant suppressive effects on four well-known periodontal pathogens. The possible explanations for this are twofold.Firstly,itcouldbethattherewasreallynoeffectonthemicrobiological level. These are all patients that previously undergone scaling and root planing, which probably already caused a shift as hypothesized by Salvi et al. (2002) . This could imply that the positive effects of probiotics on oral health are based on a different mechanism than a direct suppressing effect on periodontopathogens and are rather due to immunological mechanisms as previously stated (Hallstrom, Lindgren, Widen, Renvert, & Twetman, 2016; Schlagenhauf et al., 2016) .Asignificantdecreaseinthelevelsofpro-inflammatorymark-erssuchasTNF-α, IL-1β, IL-8 and MMP-8 was already shown after the usage of L. reuteri probiotics Szkaradkiewicz, Stopa, & Karpinski, 2014; Twetman et al., 2009 ), next to an increase in anti-inflammatorymarkersasTIMP-1 (Inceetal.,2015) .Futureresearch should therefore, in addition to clinical parameters, also investigate certain immunological markers in the gingival crevicular fluid (such as IL-1β,IL-6,IL-8,IL-10,IL-17andTNF-α). Secondly, it can be that there was an effect on the oral microbiome, but that we did not detect this since only four periodontopathogens were examined based on qPCR.
Other current (but more expensive and intensive) techniques could provide a more complete picture of all changes in the total oral microbiome during and after re-instrumentation and probiotic therapy.
The idea behind the topical application of the drops was to apply it as close as possible to the site where an effect was desired.
However, in contrast to the effect of the probiotic lozenge, no clinical effects of the application of the probiotic drops could be found.
Apossibleexplanationisbasedonthewashouteffectofthegingival crevicular fluid in the sulcus, because of this the contact time of the probiotic drops with the periodontal inflamed sites was possibly too short to have any effect.
A frequently heard comment about re-instrumentation is that when the same instrument is used as the initial therapy, the effectiveness of the root debridement is not necessarily increased (Konig et al., 2008) . We tried to overcome this by the application of specific ultrasonic tips that were not used during the initial instrumentation (at the initial instrumentation solely 1S was used, at re-instrumentation this was 1S supplemented with the use of tips H3, P2L, P2R), to access sites that were possibly not reached during the primary treatment.ThisconfirmedtheresultsofKönigandco-workersthata carefully executed re-instrumentation (with a combination of instruments and with special periodontal tips) increases the effectiveness of the initial instrumentation (Konig et al., 2008) .
Based on the returned lozenges, the adherence to the study protocol (withonaverage6%ofthestudymedicationmissed)seemedcomparable to the medication adherence rate reported in clinical trials in medicine (Shiovitzetal.,2016) .Thiswasalsocomparabletotheadherencerate reported by Schlagenhauf and co-workers (Schlagenhauf et al., 2016) .
These authors reported a consumption of 2.45 lozenges/day in the test group and 2.55 lozenges/day in the control, while 2 lozenges/day were recommended. The only differences between this study and the current one were that these subjects took 0.45/0.55 lozenges per day more than recommended, while in our study, they took 0.4/0.3 lozenges less than recommended. The adherence in this study was however worse than the 100%adherencerateofVicarioandco-workers(Vicarioetal.,2013).A possible explanation for this could be the shorter study duration of their study compared to our study (30 days versus 3 months).
Fewsideeffectswerenoticedbythepatients;however,sincethese were similar in nature and number in the probiotic as control group, these are not expected to be due to the probiotic additive. It can be suspected that these altered sensations of the oral cavity were rather the result of increased attention for the mouth based on study participation TA B L E 2 Patient-centred outcomes: risk for disease progression and need for surgery (statistically significant differences are shown in bold) TA B L E 3 (Continued) rather than to the use of the study products. This attention bias is already mentioned in previous probiotic trials (Vicario et al., 2013) . Improved reporting of adverse outcomes could be done by specifically questioning certain side effects instead of using an open question.
Risk for disease progression
The use of probiotics as additional therapy to re-instrumentation is therefore certainly a field that requires further investigation. However, the recent introduction of a new classification of periodontal diseases will make it difficult to compare between past and future studies. With the updated classification system, all the patients in this study would be diagnosed as having generalized stage III or IV periodontitis, grade B (Caton et al., 2018; Tonetti, Greenwell, & Kornman, 2018) .
Futureresearchshouldfocusontheunderlying,immunomodulatory mechanism(s) of this positive clinical effect of probiotics on re-instrumentation. It would also be interesting to compare probiotic supplementation of re-instrumentation with surgery to examine the impact of both on residual pockets. Surgery is still a popular option to treat residual pockets; however, it is less beneficial cost-benefit wise, with increased treatment time and costs compared to re-instrumentation (Patel, Richards,Wang,&Inglehart,2006) .Moreover,fearfulandanxiouspatients are also less reluctant to undergo surgical periodontal treatment (Pateletal.,2006) .However,itisimportanttorealizethatinmostcases, re-instrumentationcannotreplacesurgeryentirely.Asdemonstratedin this study, re-instrumentation reduces the PPD and as a result the number of sites in need of surgery. However, the result on the patient level is less clear, only 4 out of 39 patients did no longer needed periodontal surgery at the end of the study. Thus, while it is a good treatment to limit the extent of surgery within the patient, most of them still are in need of surgery.Arandomizedcontrolledclinicaltrialdirectlycomparingsurgery and re-instrumentation with probiotic supplementation is needed in this light focussing not only on periodontal outcomes, but also on cost-effectiveness and patient experience/satisfaction.
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